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ABSTRACT

Robinson, A. F., R. N. Inserra, E. P. Caswell-Chen, N. Vovlas, and A. Troccoli. 1997. Rotylenchulus spe-
cies: Identification, distribution, host ranges, and crop plant resistance. Nematropica 27:127-180.

The ten known species of Rotylenchulus are sedentary root parasites that occur largely in tropical
and subtropical latitudes. They can be distinguished with a simple dichotomous key. Hundreds of
studies have examined the biology, economic impact, and management of the type species, R. renifor-
mis. Information also is available regarding the geographical distribution, host range, and histopa-
thology induced by R. borealis, R. macrodoratus, R. macrosoma, and R. parvus. Relatively little is known
regarding R. anamictus, R. brevitubulus, R. clavicaudatus, R. leptus, and R. sacchari. Rotylenchulus renifor-
misand R. parvusboth appear to have a cosmopolitan distribution in warm latitudes; R. borealis, so far,
has been reported primarily from Europe and Africa; R. macrodoratus and R. macrosoma have been
found primarily in the Mediterranean region. There are clear anatomical differences in the trophic
site induced by R. macrodoratus (uninucleate giant cell) compared to those induced by R. borealis, R.
macrosoma, R. parvus, and R. reniformis (syncytia). There also are differences in the abilities of these
species to parasitize various hosts. Rotylenchulus reniformis appears to have the widest host range and
has been reported to reproduce on 86% of 364 plant species examined. Many common weeds are
good hosts. However, more than 50 crop or ornamental plants support little or no reproduction by
most populations of R. reniformis. Examples include barley, maize, onion, rice, several crotalaria spe-
cies, and resistant cultivars of soybean. Varying levels of resistance also have been found in cotton, ol-
ive, papaya, potato, sweet potato, tobacco, tomato, and various legumes. Most research on crop
rotation and mixed cropping for management of R. reniformis has been done on cotton and soybean
in the United States, and on legumes in India.

Key words: biology, crop rotation, distribution, host range, quarantine, reniform nematodes, Rotylen-
chulus anamictus, Rotylenchulus borealis, Rotylenchulus brevitubulus, Rotylenchulus clavicaudatus, Rotylenchu-
lus leptus, Rotylenchulus macrodoratus, Rotylenchulus macrosoma, Rotylenchulus parvus, Rotylenchulus
reniformis, Rotylenchulus sacchari.

RESUMEN

Robinson, A. F., R. N. Inserra, E. P. Caswell-Chen, N. Vovlas y A. Troccoli. 1997. Las especies de Rotylenchu-
lus: Identificacién, distribucién, rangos de hospederos y resistencia de cultivos. Nematropica 27:127-180.
Las diez especies conocidas de Rotylenchulus son parasitos sedentarios de raices y se encuentran
principalmente en latitudes tropicales y subtropicales. Se pueden diferenciar con una simple clave
dicotémica. La biologia, la importancia econémica y el control de la especie tipo, Rotylenchulus reni-
Sformis, han sido el objetivo de centenares de investigaciones. También se dispone de informacién so-
bre la distribucién geografica, el rango de hospederos y la histopatologia inducida por R. borealis, R.
macrodoratus, R. macrosomay R. parvus. Se conoce poco sobre R. anamictus, R. brevitubulus, R. clavicau-
datus, R. leptusy R. sacchari. La especies R. reniformisy R. parvus presentan una extensa distribucién
en latitudes calidas. Rotylenchus borealis se encuentra principalmente en Europa y Africa, mientras que
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R. macrodoratus y R. macrosoma se localizan en la regién Mediterranea. Rotylenchulus macrodoratus in-
duce la formacién de una célula gigante mononucleada en la zona estelar de la raiz mientras que R.
borealis, R. macrosoma, R. parvus y R. reniformisproducen un sincitio. Existen diferencias entre las tasas
de reproduccién de R. reniformis, R. parvusy R. borealis en varios hospederos. Rotylenchulus reniformis
parece tener un rango de hospederos mas amplio que las otras especies de este géneroy se reproduce
en 86% de las 364 especies de plantas examinadas. Muchas malezas comunes son buenos hospederos.
Sin embargo, més de 50 plantas agronémicas y ornamentales permiten poca o ninguna reproduccién
de R. reniformis. Ejemplos incluyen arroz, cebada, cebolla, maiz, varias especies de crotalaria y culti-
vares resistentes de soya. Se encuentran también diferentes niveles de resistencia en el algodén, olivo,
papaya, papa, batata, tabaco, tomate y varios cultivos leguminosos. La mayoria de las investigaciones
sobre la rotacién de cultivos para manejar poblaciones de R. reniformis han sido realizadas en algodén
y soya en los Estados Unidos y en varios cultivos leguminosas en la India.

Palabras claves: biologia, cuarentena, distribucién, nematodos reniformes, rango de hospederos, rota-
cién de cultivos, Rotylenchulus anamictus, Rotylenchulus borealis, Rotylenchulus brevitubulus, Rotylenchulus
clavicaudatus, Rotylenchulus leptus, Rotylenchulus macrodoratus, Rotylenchulus macrosoma, Rotylenchulus par-
vus, Rotylenchulus reniformis, Rotylenchulus sacchari.

INTRODUCTION

Reniform nematodes (Rotylenchulus
spp.) are semi-endoparasites of roots and
occur commonly in tropical and subtropi-
cal regions. The term “reniform” refers to
the kidney-shape of the body of the seden-
tary mature female. Ten valid species of
Rotylenchulus are known. Rotylenchulus reni-
formis is the most economically important
and has the widest geographical distribu-
tion and host range. It was described in
1940 by Linford and Oliveira from speci-
mens collected in Hawaii, U.S.A., and for
more than 20 years was the only represen-
tative of the genus. In 1961, a second spe-
cies, R parvus (Williams, 1960), was
transferred from the genus Helicotylenchus
into the genus Rotylenchulus by Sher. In
1962, a third species, R. borealis, was
described from The Netherlands by Loof
and Oostenbrink. Five additional species
from Africa (R. anamictus, R. clavicaudatus,
R. leptus, R. macrosoma, and R. variabilis)
and one from Italy, (R. macrodoratus) were
described by Dasgupta et al. in 1968. Roty-
lenchulus variabilis was later synonymized
with R. borealis (Germani, 1978a). Subse-
quently, two more species, R. sacchari (Van

den Berg and Spaull, 1981) and R. brevitu-
bulus (Van den Berg, 1990), have been
described from South Africa.

Taxonomic descriptions for some Roty-
lenchulus species are incomplete; for
instance, mature females of R. anamictus,
R. brevitubulus, R. leptus, and R. sacchari are
unknown. Also, type hosts of R. anamictus,
R. brevitubulus, R. clavicuadatus, R. leptus,
and R. sacchari were not determined. In
the case of R. clavicaudatus, only one
mature female was found in the rhizo-
sphere of sugarcane (Saccharum offici-
narum), making the identity of the type
host plant uncertain. Valid species of the
genus Rotylenchulus, their type host(s), and
the author(s) of each species description
are listed in Table 1.

Type localities of known Rotylenchulus
species (Table 1) reflect the largely tropi-
cal and subtropical distributions of these
root parasites. Even R. borealis, which was
originally found in The Netherlands, has
been reported in several African countries
where it was confused with R. variabilis, its
junior synonym (Germani, 1978a).
Although several reniform nematode spe-
cies may ultimately prove to be important
pests on some crops, Rotylenchulus renifor-
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mis is the only species proven so far to be
economically important and it is by far the
most intensely investigated. It has been the
subject of numerous studies related to life
cycle, host range, host-parasite relations,
plant damage, behavior, survival, and man-
agement. Biological studies on other spe-
cies are limited to R borealis, R
macrodoratus, R. macrosoma, and R. parvus.

Life cycle: All Rotylenchulus species stud-
ied so far have a generally similar life cycle.
One-celled eggs are oviposited by mature
females. Embryogenesis is completed with
the appearance of the first-stage juvenile
(J1) which molts within the egg shell, pro-
ducing the second-stage juvenile (J2) that
emerges from the egg. The J2 and follow-
ing juvenile stages (J3 and J4) are not para-
sitic and retain the cuticles of the previous
stages after molting (Fig. 1). The body of R.
reniformis is slightly shorter and smaller in
volume rather than larger after each molt
(Bird, 1983). Eight species of Rotylenchulus
have both females and males (Dasgupta et
al., 1968; Van den Berg, 1990; Van den
Berg and Spaull, 1981). In R. reniformis, the
final molt gives rise to approximately equal
numbers of vermiform parasitic females
and nonparasitic males. Rotylenchulus par-
vus and some populations of R. reniformis
reproduce parthenogenetically (Dasgupta
and Raski, 1968; Nakasono, 1983). Most or
all of the vermiform adults produced by
the final molt in these populations are
females; males are rare or absent.

In the presence of host roots, vermi-
form females penetrate the root cortex,
establish a permanent feeding site in the
stele and become sedentary (Fig. 2A,B).
The anterior part of the body remains
embedded in the root whereas the poste-
rior portion protrudes from the root sur-
face and swells during maturation of the
reproductive system, assuming a kidney-
like shape (Figs. 2D,E). In the stele, the
infective females induce the formation of

Fig. 1. Fourth-stage juvenile of Rotylenchulus macrodora-
tus enveloped by two cuticles. Scale bar = 34 um. (After
Inserra and Vovlas, 1980).

specialized trophic sites involving stelar tis-
sues (Fig. 2D,E) (Cohn and Mordechai,
1977; Rebois et al., 1975; Vovlas et al,
1985). Soon after gonad maturation,
females deposit eggs into a gelatinous
matrix (Fig. 2E). The gelatinous egg
matrix in Rotylenchulus species flows from
the vulva (Fig. 3) and it is produced by vag-
inal glands (Sivakamur and Seshadri,
1971), in contrast to gelatinous matrix pro-
duction by rectal glands in Meloidogyne spe-
cies. The number of eggs found in an egg
mass usually does not exceed 60 but can
reach 200 (Sivakumar and Seshadri, 1971).
Males are not parasitic (Fig. 2C).

The timing of developmental events
varies with species, as well as with tempera-
ture (Bird, 1984; Heald and Inserra, 1988;



Fig. 1. Fourth-stage juvenile of Rotylenchulus macrodora-
tus enveloped by two cuticles. Scale bar = 34 um. (After
Inserra and Vovlas, 1980).
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Fig. 2. Life cycle of Rotylenchulus reniformis on cotton. A) Cotton plant growing in soil infested by reniform nema-
todes. B) Immature vermiform female penetrating with the anterior portion of the body into a feeder root. C)
Non-parasitic male. D) Female in more advanced stage of gonad maturation and establishing a permanent feed-
ing site in the stele of the root. E) Mature female feeding on a stelar syncytium and producing eggs in the gelati-
nous matrix, which surrounds the swollen posterior portion of the body protruding from the root surface. F)

Second, third, and fourth-stage juveniles in the soil.

Rebois, 1973) and host (Bishnoi and
Yadav, 1989), but typically eggs hatch 1-2
weeks after being laid, and the infective
stage is reached 1-2 weeks after hatch.
Once root penetration occurs, 1 or 2 more
weeks are required for females to reach
reproductive maturity; in the absence of a
host, however, vermiform stages in the soil
can remain in a state of arrested develop-
ment indefinitely. The life cycle can be

shorter than 3 weeks or can last more than
2 years if a host is not present and the soil
remains dry. Additional details on the life
cycle of R. reniformis are summarized by
Gaur and Perry (1991b) and by Sivakumar
and Seshadri (1971).

Identification:  Rotylenchulus  species
belong to the subfamily Rotylenchulinae,
in the family Hoplolaimidae. Identifica-
tion of the genus is based mainly on mor-
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Fig. 3. Rotylenchulus reniformis mature female. Lateral view of the vulval area showing two droplets of gelatinous
matrix (gm) flowing from the vulva (not visible in lateral view). Note the ampullae (a) where the gelatinous matrix
secreted by the vaginal glands (not visible) accumulates. vg = vagina. Scale bar = 7 um.

phological characters of vermiform
females (Fig. 4). Morphological charac-
ters of swollen females and the presence or
absence of males are useful for the separa-
tion of Rotylenchulus species. A simple key
to the species of Rotylenchulus was pro-
posed by Germani (1978a). We provide a
modified version of this key.

Key to the species of the genus Rotylenchulus
based on morphological characteristics of imma-
ture females.”

1. Stylet>27 pm ...coovvviivnnnene R. sacchari

Stylet = 10-15 Um ...cooevivviniiiriienn. 2
Stylet = 16-26 um (males present) ..... 5
Males Present .......ocoveevvevvinieireinneennnn. 3
Males absent or rare .........ccccceceeuenenne. 4
V =55-66% ....

V=67-72%

Head conoid, truncate ............ R. leptus
Head rounded ....................... R. parvus
V=5563% ..ooovvviiiniriiiiiiin 6
V> 63% oo 7

Tail with clavate terminus .....................
....................................... R. clavicaudatus
Tail with bluntly rounded terminus .....
....................................... R. macrosoma

' Rotylenchulus brevitubulus is omitted from the key because second-stage juveniles of this species have a bifurcate
tail terminus completely unlike other Rotylenchulus spp. Furthermore, in R. brevitubulus vermiform females the
distance between the dorsal esophageal gland orifice and the base of stylet knobs is shorter (<10 um) than that

(>10 um) of other Rotylenchulus species.
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Distance of dorsal esophageal gland
orifice from stylet knobs

Stylet length -

Fig. 4. Illustration of a Rotylenchulus reniformis immature female showing the major morphological characters of

diagnostic value for separating Rotylenchulus species.

7. Stylet=16-21 pm ............... R. reniformis
Stylet = 22-26 um .......... R. macrodoratus

Vermiform females of R. anamictus, R.
borealis, R. leptus, and R. parvus have a
shorter stylet (15 pm or less) than that (16
wm or more) of R. clavicaudatus, R. macrodo-
ratus, R. macrosoma, and R. reniformis. How-
ever, populations of R. borealis with a stylet
length of 16 pm have been reported from
The Netherlands. For these populations

other morphological characters of diagnos-
tic value, such as the position of the vulva,
which is more anterior (V = 57-60%) than
in R. reniformis, should be used. Dasgupta et
al. (1968) proposed the separation of Roty-
lenchulus species into five groups differing
in the shape of the lip region and length of
the hyaline portion of the tail (Fig. 5).
Parasitic habits and pathology: Informa-
tion on parasitic habits of reniform nema-
todes and the pathology caused by them is
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lip region low, rounded to |{ lip region high, conoid, lip region high, conoid,
hemispherical, annulated. | | without visible annulation. || rounded with annules.
h <8 (um) h <13 (um) h <13 (um)

Ra, Rp, Rbr Rl Rs Rr

lip region high, conoid, lip region acutely conoid,

with or without annulation. with annules. N

h=8-24 (um) h <13 (um) / \
i

Rbo, Rms, Rc Rmd { \

Fig. 5. Morphological groups of species, based on lip morphology and length of hyaline portion of tail (h), pro-
posed by Dasgupta et al., 1968 and updated in 1996 for the genus Rotylenchulus. Ra= R. anamictus, Rbo= R. borealis,
Rbr= R. brevitubulus, Rc = R. clavicaudatus, Rl= R. leptus, Rmd = R. macrodoratus, Rms= R. macrosoma, Rp = R. parvus,
Rr= R. reniformis, and Rs= R. sacchari.

Fig. 6. Trophic sites induced by reniform nematode species. A) Cross section of a Vitis vinifera root showing a Ro-
tylenchulus macrodoratus female (n) with the stylet inserted through the wall of an endodermal cell (E) and initiat-
ing the formation of a trophic site (uninucleate giant cell) (T) in the stele. B) Cross section of a Zea mays root
showing a trophic site (stelar syncytium) (S) induced by Rotylenchulus borealis. Note the syncytium expanding from
a feeding cell (FC) adjacent to the endodermis (E) in the pericycle and vascular parenchyma. CO = cortical pa-
renchyma. CMX = metaxylem element. Scale bars = 50 um in A and 25 pm in B. (After Inserra and Vovlas, 1980;
Vovlas and Inserra, 1982).




Fig. 6. Trophic sites induced by reniform nematode species. A) Cross section of a Vil vinifera root showing a Re
tylenchulus macrodoratus female (n) with the stvlet inserted through the wall of an endodermal cell (E) and imna-
ing the formation of a trophic site {uninucleate giant cell) (T) in the stele. B) Cross section of a Zea mays rootl
showing a trophic site (stelar syncytium) (S) induced by Rotylenchulus borealis. Note the syneyvtium expanding from
a feeding cell (FC) adjacent to the endodermis (E) in the pericycle and vascular parenchyma. CO = cortical pa-
renchyma. CMX = metaxylem element. Scale bars = 50 pm in A and 25 pm in B. (After Inserra and Vovlas, 1981,

Vovlas and Inserra, 1982)
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available for only five of the ten species.
The histopathological changes they induce
have been studied in numerous plants by
observing serial sections of root tissue
under the transmission electron or com-
pound light microscope. Rotylenchulus bore-
alis has been studied on both Ipomoea
batatas and Zea mays (Fig. 6B) (Vovlas and
Inserra, 1982; Vovlas et al., 1985), R. mac-
rosoma on Glycine max (Cohn and Mor-
dechai, 1988), R. parvus on S. officinarum

(Vovlas et al., 1985), and R. macrodoratus on
seven hosts, including Dianthus barbatus
(Inserra and Vovlas, 1980), Ficus carica
(Fig. 7A) (Inserra and Vovlas, 1980), G.
max (Cohn, 1976), Olea europaea (Fig. TB)
(Vovlas and Inserra, 1976), Pistacia vera
(Fig. 7C) (Vovlas, 1983), Quercus calliprinos
(Cohn, 1976), and Vitis vinifera (Fig. 6A)
(Vovlas and Vlachopoulos, 1991). Other
histopathological studies have examined
R. reniformis on more than 20 crop species,

Fig. 7. Trophic sites induced by Rotylenchulus macrodoratus. Nematode-infected cross sections of Ficus carnca (A),
Olea europaea (B), and Pistacia vera (C) roots showing an uninucleate giant cell with hypertrophied nucleus and
prominent nucleolus in the stele. Scale bars in A and B = 50 um. (After Inserra and Vovlas, 1980; Vovlas, 1983).



Y

af Fu

le-inflected cross sections

\"'\-I FAF

Faad ids

lced

[ roprhic sites i
L s

-]

{ Kear erin

e nucleus

with hvpertropl

LA PR LII

-]

(Adter Tose

A andd

rods showine

i

||:',:

wlas, 1455

| LI Y

rra and Vovlas

I m

1%



136 NEMATROPICA Vol. 27, No. 2, 1997

including Brassica oleracea var. botrytis
(Khan and Khan, 1985), Carica papaya
(Sivakumar and Seshadri, 1972), Coffea
arabica (Vovlas and Lamberti, 1990), Cucu-
mis melo var. cantalupensis (Heald, 1975;
Heald et al., 1988), Cucumis sativus (Birch-
field, 1972), G. max (Cohn, 1976; Farahat
and Kheir, 1983; Jones and Dropkin, 1975;
Meredith et al., 1983; Rebois et al., 1975),
Gossypium  hirsutum  (Birchfield, 1962;
Cohn, 1973, Cohn, 1976; Rebois, 1980),
Helianthus annuus (Robinson and Orr,
1980), I. batatas (Birchfield, 1972), Lycoper-
sicon esculentum (Cohn, 1973; Khan et al.,
1985; Sivakumar and Seshadri, 1972), Men-
tha sp. (Cohn, 1973, 1976), Musa acumi-
nata (Fig. 8A-C) (Vovlas and Ekanayake,
1985), Nicotiana tabacum (Patel, 1986; Patel
et al., 1988), Passiflora edulis f. sp. Sflavicarpa
(Suarez et al., 1993), Phaseolus vulgaris
(Birchfield, 1972; Farahat and Kheir,
1983), Pisum sativum (Farahat and Kheir,
1983), Ricinus communis (Sivakumar and
Seshadri, 1972), S. officinarum (Birchfield,
1972), Trifolium alexandrinum (Massoud
and Gharob, 1988), Vigna wunguiculata
(Birchfield, 1972; Razak and Evans, 1976;

Taha and Kassab, 1979), V. vinifera (Taha
and Sultan, 1979), Washingtonia robusta
(Inserra et al., 1994), and Z. mays (Birch-
field, 1972).

The host responses induced by differ-
ent Rotylenchulus species are not necessarily
identical on the same host, and histologi-
cal responses to a single species can differ
somewhat among plant species. However,
some generalizations can be made, realiz-
ing that exceptions do occur. During root
invasion, the anterior portion of the body
of the vermiform female penetrates the
epidermis and cortical parenchyma of the
root and usually stops to feed permanently
on a single endodermal cell (Fig. 6A). This
results in the formation of a trophic site.
Except for R. macrodoratus, the trophic site
usually consists of a stelar syncytium, which
originates from an endodermal cell and
enlarges by incorporating a curved sheet
of cells in the pericycle, vascular paren-
chyma, and sometimes phloem, through
partial dissolution of common cell walls
(Fig. 6B). Syncytial cells have densely stain-
ing granular cytoplasm and enlarged
nuclei, and are slightly hypertrophied

Fig. 8. Anatomical alterations induced by Rotylenchulus reniformis on Musa acuminata roots. A) Root infected by a
swollen female. B) Female (N) partially penetrated into the cortical parenchyma (CO). C) Syncytium (S) induced
by nematode feeding activity and expanded from the endodermis (E) into the pericycle and vascular parenchyma.
Scale bars for all figures = 50 um. (After Vovlas and Ekanayake, 1985).



Fig. 8. Anatomical alterations induced bv Ratylenchulus reniformis on Musa acwminata roots. A) Root infected by a
swollen female. B} Female (N) partially penetrated into the cortical parenchvima (CO). C) Svncvtium (8) induced
by nematode feeding activity and expanded from the endodermis (E) into the pencycle and vascular parenchyvima,
Scale bars for all figures = 50 pm. (After Vovlas and Ekanavake, 1985).
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(Rebois et al., 1975; Vovlas and Inserra,
1982; Vovlas et al., 1985) (Figs. 6B; 8B,C).
In all seven hosts examined so far, the
trophic site induced by R. macrodoratus
consisted of an hypertrophied, uninucle-
ate giant cell of endodermal origin (Cohn,
1976; Cohn and Mordechai, 1977; Inserra
and Vovlas, 1980) (Fig. 7A-C). Specialized
feeding sites typically do not differ appre-
ciably among plant-parasitic nematodes
within the same genus. Rotylenchulus
appears to be an exception since R. macrod-
oratus induces a uninucleate giant cell,
while other species (R. borealis, R. mac-
rosoma, R. parvus, and R. reniformis) induce
a syncytium in the stele of host roots (Fig.
9). In various concomitant infections of
plant roots by R. reniformis and other sed-

Rotylenchulus reniformis

entary nematodes, the characteristic plant
response to each species occurred as if the
other nematode species were absent
(Heald et al., 1988; Jones and Dropkin,
1975; Massoud and Ghorab, 1988; Patel et
al., 1988; Taha and Kassab, 1979; Vovlas
and Ekanayake, 1985).

A temporal study of infection by R. reni-
Jormis on resistant and susceptible soybean
with the transmission electron microscope
revealed that syncytial development in sus-
ceptible plants went through two phases:
1) an initial phase involving partial cell
wall lysis and separation, and 2) an ana-
bolic phase characterized by organelle pro-
liferation and secondary wall deposits
(Rebois et al., 1975). In resistant plants, the
initial phase was accelerated, resulting in

Rotylenchulus macrodoratus

Rotylenchulus borealis

Fig. 9. Schematic representation in tridimensional (1-3), transversal (1’-3’), and longitudinal (1”-3”) view of
trophic sites induced by reniform nematode species. Note the uninucleate giant cell (3, 3’, and 3”) induced by
Rotylenchulus macrodoratus compared to the syncytium, which is the most common host response caused by Rotylen-
chulus species including R. reniformis (1, 1’, and 1”) and R. borealis (2, 2’, and 2").
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cell lysis and thus failure to enter the ana-
bolic phase. A similar response has been
reported for the old world cotton species,
Gossypium arboreum (Carter, 1981b).

ROTYLENCHULUS RENIFORMIS

Rotylenchulus reniformis (Figs. 10, 11) is
the Rotylenchulus species of greatest eco-
nomic importance. Excellent reviews on its
systematics,

biology, distribution, eco-

nomic impact, and management are given
by Varaprasad (1986) and Gaur and Perry
(1991b). We will briefly discuss and update
the geographical distribution and eco-
nomic impact of R. reniformis but will focus
on host range, immune species, sources of
resistance in crop plants, and opportuni-
ties for crop rotation.

Geographical  distribution: Rotylenchulus
reniformis has been found in association

Fig. 10. Rotylenchulus reniformis life stages. A) Immature female. B) Anterior portion of the body of immature fe-
male. C) Anterior portion of the body of juvenile. D) Anterior portion of the body of male. E) Mature female. F-
I) Tail of immature female. J) Tail of juvenile. K) Male. L) Tail of male. M, N) Tail of mature female. (After Das-

gupta et al., 1968, modified).
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Fig. 11. Selected life stages of Rotylenchulus reniformis. A) Immature female enclosed in the cuticles (indicated by
small arrow heads) of juvenile stages. d = dorsal esophageal gland orifice; e = excretory pore; v =vulva. B) Gossypium
sp. feeder root infected by swollen females artificially detached from the root tissues. C) Posterior portion of the
oody of a swollen female showing the characteristic spike-like terminus. D) Egg masses attached to a cotton feeder
root. Scale bars = 32 um in A, 110 um in B and D, and 8 pm in C. (Photos B and D courtesy of C. Overstreet).

with hundreds of crop and native plants in
tropical, subtropical, and warm temperate
regions in thousands of localities in South
America, Central America, North America,
the Caribbean Basin, Africa, southern
Europe (Malta and Spain only), the Mid-
dle East, India, Southeast Asia, Australasia,
the Indian Ocean, China, Japan, the Phil-
ippines, and the Pacific. Its wide distribu-
tion likely resulted from an exceptionally
wide host range (Table 2) and an ability to
survive extended periods in a dehydrated
state (Birchfield and Martin, 1967; Gaur
and Perry, 1991a; Heald and Inserra, 1988;
[nserra and Dunn, 1992; Radewald and
Takeshita, 1964; Rodriguez-Fuentes, 1980;
Sehgal and Gaur, 1988, 1989; Tsai and Apt,
1979; Womersley and Ching, 1989). Anhy-
robiotic R. reniformis are dispersed long
listances in dust storms (Gaur, 1988).

Host range: Several extensive host lists
and numerous new host records for R. reni-

formis have been published (Table 2). The
reliability of original host records varies
greatly, as do the criteria used to assign
host status. Authors of host lists often have
listed previous reports of R. reniformis from
soil samples taken near a suspected host,
separate from reports that confirmed
reproduction by directly observing mature
females and eggs, or that confirmed repro-
duction by monitoring population
increases in pot experiments. Even so, in
many cases the wording of a report is not
clear enough to know precisely what was
and was not observed. In other cases, R.
reniformis was assumed to be the Rotylenchu-
lus species present or the authors stated
that the species was not determined.
Thorne (1961) predicted that hun-
dreds of hosts for R. reniformis would be
found. In our examination of the litera-
ture, we found reports of reproduction by
R. reniformis on 314 of 364 plant species
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examined (Table 2). Host classifications
were largely consistent, and we found con-
flicting host reports for only 22 species
(6% of all plant species examined). How-
ever, in the few cases where they occur,
contradictory or incorrect host status
assignments can be very important from a
regulatory or crop rotation standpoint.
This is particularly true for container-
grown citrus trees (Citrus spp.) and orna-
mentals produced for export.

Gaur and Perry (1991b) noted that R.
reniformis “preferred” dicotyledons. This
may prove correct once enough plant spe-
cies have been examined. About 76% of
the 210,000 known species of angiosperms
are dicots (Correll and Johnston, 1979)
and almost the same percentage (78%) of
the 364 plant species that have been exam-
ined as potential hosts for R. reniformis
were dicots. In contrast, the overall inci-
dence of nonhosts among monocots exam-
ined (33%) was much higher than among
dicots (9%) as predicted by Gaur and
Perry; however, most (18 of 26) of the
monocot nonhosts that are known are
palms (family Arecaceae/Palmae) and at
present the incidence of known hosts for
R. reniformis among other monocots (86%)
is nearly as high as that reported for dicots
(91%).

We found 77 plant families to con-
tain reported hosts of R. reniformis. Many
of these are tropical families in which
only one or two species have been
tested. The plant families which have
received the most intense investigation as
hosts of R. reniformis are Araceae,
Arecaceae/Palmae,  Asteraceae/Composi-
tae, Euphorbiaceae, Fabaceae/Legumino-
sae, Malvaceae, Poaceae/Graminae, and
Solanaceae. All contain crop or ornamental
species of major economic importance.
Araceae, Arecaceae/Palmae, and Poaceae/
Graminae are monocot families; the others
are dicots.

Immune and resistant plants: We found
only 74 plant species to have been
reported to be nonhosts and 22 of these
have also been classified as hosts by some
investigators (Table 3). Subspecific differ-
ences between the plants tested by differ-
ent investigators undoubtedly have caused
some differences in host status assignment.
For example, turnip (Brassica rapa) was
considered a nonhost by Birchfield and
Brister (1962) whereas Chinese cabbage
(Brassica rapa var. pekinensis) was classified
as a host by Linford and Yap (1940). In
some susceptible crops, certain cultivars or
breeding lines are immune or highly resis-
tant; a few breeding lines of tomato (L.
esculentum) and accessions of L. pimpinelli-
Solium, for example, are immune (Bala-
subramanian and Ramakrishnan, 1983;
Rebois et al., 1973). In some crop species,
most cultivars are so highly resistant that
populations almost invariably decrease in
rotation studies and females with eggs can
be found only with great difficulty or
under special environmental circum-
stances. This situation could explain con-
flicting reports for onion (Allium cepa)
(Birchfield and Brister, 1962; Carter,
1981a; Khan, 1985; Singh, 1975), ber-
mudagrass (Cynodon dactylon) (Birchfield
and Brister 1962; Lal et al., 1976; Singh,
1975), rice (Oryza sativa) (Birchfield and
Brister, 1962; Khan, 1975), pepper (C.
annuum) (Birchfield and Brister, 1962;
Routaray et al., 1988; Sivakumar et al.,
1979), and some species of Crotalaria
(Birchfield and Brister, 1962; Caswell et al.,
1991; Peacock, 1956b; Soares da Silva et al.,
1989). A histological study of onion
showed that infrequent but normal
trophic site development and nematode
reproduction did occur on six cultivars
when inoculated separately with three iso-
lates of R. reniformis (Carter, 1981a). In one
pot study on Z. mays (Windham and
Lawrence, 1992), the resistance in 50 com-
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Table 3. Contradictory host reports for Rotylenchulus reniformis.

Plant species

Host records

Nonhost records

Allium cepa L.

Allium sativum L.
Brassica nigra (L.) W. D. J. Koch

Brassica rapa L.

Canavalia ensiformis (L.) DC.

Capsicum annuum L.

Citrus limon (L.) Burm. f.

Coffea canephora (= robusta) Pierre
& Froehner

Crotalaria juncea L.

Crotalaria pallida Desv.
Crotalaria spectabilis Roth

Cynodon dactylon (L.) Pers.

Cyperus rotundus L.

Daucus carota L.

Echinochloa crus-galli (L.) Beauvois
Oryza sativa L.

Saccharum officinarum L.

Sida rhombifolia L.

Sorghum bicolor (= vulgare) (L.)
Moench

Spinacea oleracea L.

Singh, 1975; Carter, 1981a

Stoyanov, 1967
Khan and Khan, 1969
Linford and Yap, 1940

Stoyanov, 1967
Routary et al., 1988

Peacock, 1956a, 1956b
Valdez, 1968a

Caswell et al., 1991; Peacock,
1956b

Peacock, 1956b
Linford and Yap, 1940
Singh, 1975

Singh, 1974

Peacock, 1956a; Linford and Yap,
1940

Carter et al., 1995
Khan, 1975
Mehta and Sundara, 1989

Stoyanov, 1967
Peacock, 1956b

Khan and Khan, 1969

Birchfield and Brister, 1962; Khan,
1985; Khan and Khan, 1973

Khan and Khan, 1973
Birchfield and Brister, 1962

Birchfield and Brister, 1962; Khan,
1985

Peacock, 1956b

Birchfield and Brister, 1962;
Sivakumar et al., 1979

Inserra and Duncan, 1996

Macedo, 1974; Peacock, 1956b
Soares da Silva et al., 1989

Soares da Silva et al., 1989
Soares da Silva et al., 1989

Birchfield and Brister, 1962; Lal et
al., 1976

Lal et al., 1976
Khan and Khan, 1973

Birchfield and Brister, 1962
Birchfield and Brister, 1962

Ayala, 1962; Birchfield and Brister,
1962; Birchfield, 1972

Yik and Birchfield, 1984
Birchfield and Brister, 1962

Birchfield and Brister, 1962

mercial hybrids was so high that popula-
tions remained below inoculum levels in
all cases, with final populations for 46
hybrids less than 1% of the control [cotton
(G. hirsutum) cv. Delta and Pineland 20].
Although no eggs whatsoever were found
on 15 of the hybrids, the term “immune”
was avoided and these plants were consid-
ered to be highly resistant.

An unsuspected potential cause of host
status misassignment was discovered by
Inserra and Duncan (1996) in pots con-
taining both rough lemon (Citrus limon)
and cowpea (V. unguiculata) plants; cow-
pea roots that supported normal nema-
tode reproduction were entangled and
easily confused with citrus roots, which
supported no reproduction. Egg masses
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produced by females on cowpea roots were
sometimes found adhering to rough
lemon roots. In ornamental palm plant-
ings and in citrus groves where weeds or

cover crops occur, soil samples can easily

contain roots from more than one plant
species and in many cases, examinations of
roots extracted from such samples could
have led to host misidentification. Most
common weeds are good hosts (Carter et
al., 1995; Edmunds, 1971; Gnanapragasam
et al., 1989; Inserra et al., 1989; Quéne-
hérvé et al., 1995). The lack of reproduc-
tion of R. reniformis on citrus was
confirmed by a host test conducted in Bra-
zil using the citrus rootstock Rangpur lime
(Citrus limomia), which was immune to
nematode infection (Goulart and Mon-
teiro, 1995).

Recent studies in Florida have clarified
some ambiguities regarding the host status
of ornamental palms (Arecaceae/Palmae).
Of 20 palms tested by Inserra et al. (1991,
1994), only two were found to support any
reproduction and in both cases (Washingto-
nia robusta and Acoelorrhaphe wrightii) final
populations were only a fraction of the ini-
tial inoculum level. Previous associations of
R. reniformis with certain palm species likely
resulted from reproduction on weed hosts.
Avocado (Persea americana) and mango
(Mangifera indica) are listed as hosts for R.
reniformis in the literature (Table 2); how-
ever, in a host test conducted in Florida,
there was no evidence of nematode repro-
duction on the roots of these plants main-
tained for one year in soil infested with a
nematode population from south Florida
(Inserra, unpublished).

Host races of R. reniformis may account
for some of the differences in host status
observed by different investigators. Occur-
rence of a race incapable of reproducing
on castor (R. communis) or Upland cotton
in India, for example, is well established
(Dasgupta and Seshadri, 1971a, 1971b).

Other populations in India reproduce on
castor and cotton. Differences in repro-
duction and damage caused by 17 popula-
tions from the United States on certain
cultivars of cotton and soybean also have
been observed (McGawley and Overstreet,
1995; pers. comm., E. C. McGawley, Louisi-
ana State University). Sugarcane was origi-
nally considered immune to populations
in Hawaii (Linford and Yap, 1940) and
Louisiana (Birchfield and Brister, 1962),
and reports of associations of high popula-
tion densities of R. reniformis with sugar-
cane in Puerto Rico and the Dominican
Republic led to speculation regarding
occurrence of host races (Birchfield and
Brister, 1962). Subsequent rigorous exami-
nations for reproduction on sugarcane by
Puerto Rican populations, however,
revealed no reproduction (Ayala, 1962;
Roman, 1964). Nonetheless, a population
from India has been shown to reproduce
on sugarcane under controlled conditions
(Mehta and Sundara, 1989). The physio-
logical differences required for a popula-
tion of R. reniformis to reproduce on
sugarcane may be simple, since sugarcane
is a good host for R. parvus (Van den Berg
and Spaull, 1981). There is additional evi-
dence of differences between certain
Indian populations and those from other
parts of India and the world. Some culti-
vars of Z. mays (Srivastava and Sethi, 1986)
and C. annuum (Routaray et al., 1988), for
example, are apparently good hosts for
some Indian populations of R. reniformis.
These plant species are considered highly
resistant or immune to other populations
of R. reniformis.

In Japan, three morphologically and
reproductively different types of popula-
tions of R. reniformis occur, which are
referred to as male numerous type (MNT),
male rare type (MRT) and male absent
type (MAT) (Nakasono, 1983). The MRT
and MAT populations reproduce parthe-
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nogenetically; MNT populations repro-
duce amphimictically. In addition, MRT
and MAT populations occur at more
northern, cooler latitudes and have nar-
rower host ranges than MNT populations.
It is noteworthy that in Cuba, an
amphimictic population of R. reniformis has
been shown to be capable of producing
viable but noninfective progeny partheno-
genetically  (Rodriguez-Fuentes  and
Anorga-Morales, 1977).

It is never possible to say with absolute
certainty that a given plant genotype is a
nonhost. On some genotypes, nematode
reproduction may be so low that numerous
root systems must be examined carefully
before a single gravid female is found.
From a practical standpoint, therefore, the
appropriate criteria for distinguishing
between hosts and non-hosts depends
somewhat on the intended application.
For regulatory purposes, any egg produc-
tion at all can cause contamination prob-
lems in nurseries certified for this pest
(Inserra et al., 1991, 1994b). In contrast, a
low level of reproduction would be unim-
portant in a resistant rotational crop if
recontamination of the field by wind,
water, and nematode reproduction on
weed hosts were impossible to avoid.

Economic impact: Many studies have been
done to estimate the impact of R. reniformis
on crops around the world. As with 6ther
nematodes, the approaches taken have
been to measure plant growth responses to
a graded series of inoculum levels in pots
or microplots, or measure yield responses
to nematicide or crop rotation treatments.
Each approach of course has its limitations.
Damage levels measured in pots can differ
substantially from those under field condi-
tions, while in field plantings, many factors
other than the nematode can contribute to
the responses observed. As noted by Gaur
and Perry (1991b), pot studies with graded
inoculum levels of R. reniformis indicate

that damage to a wide array of plants can
occur at densities between 0.1 and 5 nema-
todes/cm® of soil (Acharya and Padhi,
1987; Acosta and Ayala, 1975; Ahmad,
1989; Ferraz and Sharma, 1979; Gapasin
and Valdez, 1979; Gupta and Yadav, 1980;
Khan and Husain, 1989b, 1990; Mishra and
Gaur, 1981; Padhi and Misra, 1987; Panda
and Seshadri, 1979; Rebois et al., 1978;
Sahoo and Padhi, 1986; Sud et al., 1984;
Varaprasad et al., 1987).

Rotylenchulus reniformis is considered a
serious problem in Upland cotton
throughout the southeastern United States
(Heald and Robinson, 1990) (Fig. 12) and
population thresholds for nematicide
application have been developed based on
results of numerous field trials (Beltwide
Cotton Nematode Survey, 1994; Lawrence
and McLean, 1996). The agricultural uni-
versity extension services in Mississippi and
Alabama recommend treatment if the R.
reniformis population density exceeds 2
nematodes/cm’ in the spring or 10 nema-
todes/cm’ in the fall or winter (Blasin-
game and Patel, 1987). Corresponding
thresholds in Louisiana are 1 and 5 nema-
todes/cm’ soil (pers. comm., C. Over
street, Louisiana  State  University).
Population densities exceeding all of these
thresholds are commonly encountered in
the Mississippi Delta production region
(Lawrence and McLean, 1996), the Red
River Basin (Overstreet and McGawley,
1996), and the Lower Rio Grande Valley
(Robinson et al., 1987). These densities are
much higher than are typically encoun-
tered for Meloidogyne species in cotton
fields (Starr et al., 1993). Rotylenchulus reni-
Jformis does not occur in Arizona, Califor-
nia, and New Mexico (Heald and
Robinson, 1990).

In plot experiments conducted in
south Florida, positive yield response on
snap bean (Phaseolus vulgaris) was obtained
with non-fumigant nematicide (oxamyl)
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Flg 12. Stunted plants in a cotton field infested by Rotylenchulus reniformisin Alabama. (Courtesy of W. S. Gazaway).

treatment at population levels of 4 or more
R. reniformis/cm® soil. With lower popula-
tions, use of the nematicide was not consis-
tent in increasing snap bean yield
(McSorley et al., 1981b). Results of other
plot experiments conducted in south Flor-
ida showed an inverse relationship
between snap bean yield and the number
of R. reniformis in the soil (McSorley, 1980).
However, at the greatest population densi-
ties (9 R. reniformis/cm® of soil) the yield
suppression did not exceed 25% (Fig. 13).
At the population levels that usually occur
in Florida soils (4-5 nematodes/cm® of
soil), nematode damage on snap bean
averages ca. 10% (Fig. 13) (McSorley,
1980). These results indicate that R. renifor-
mis at high population densities on snap
bean in Florida has less destructive effect
than rootknot nematodes (Meloidogyne

spp.). However, crop loss of greater magni-
tude is routinely reported for cotton grow-
ing in fields infested with R. reniformis in
Louisiana (206,000 ha) and Mississippi
(283,000 ha). Losses in these two states
have been assessed as high as 40-60%, but
average 15-30% (Overstreet, 1996).

On various legume and vegetable
crops, particularly in India, nematicide
treatment is not cost effective, and man-
agement through use of resistant and tol-
erant cultivars or with cultural methods,
such as crop rotation, fallow, weed control,
etc., is preferable. In field crops, apprecia-
ble effort has been put toward the identifi-
cation of resistant germplasm and the
development of resistant cultivars.

Regulatory considerations: In addition to
being a damaging pest of field and vegeta-
ble crops, R. reniformis is of economic
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plots. Values on top of each vertical bar indicate percentage of yield loss observed at each R. reniformis population
level compared to the chemically disinfested plots. The regression equation is based on numbers of nematodes

per 100 cm® soil. (After McSorley, 1980).

importance to ornamental industries
established in areas where the nematode is
present because of the quarantine restric-
tions imposed by some states to plant ship-
ments contaminated by this parasite. In
the United States, the states of Arizona,
California, and New Mexico enforce quar-
antines against the reniform nematode in
order to protect their cotton industries
from this pest. Chile and Switzerland list R.
reniformis among the noxious organisms
subject to quarantines.

Crop resistance: Resistant breeding lines
and cultivars were tabulated by Varaprasad
(1986) and updated by Gaur and Perry
(1991b). We have combined this informa-
tion with that gathered from other
sources, omitted most species for which
germplasm screening studies per se were
not found, and deleted names of resistant
cultivars or breeding lines, to conserve
space (Table 4). Based on the number of

genotypes examined and the number of
papers published, most work has been
done on Upland cotton and soybean in the
United States, and on various staple
legumes in India and Pakistan. The avail-
ability of sources of resistance to R. renifor-
mis in these crops varies greatly. Certain
cultivars of tomato and soybean, for exam-
ple, have very high levels of resistance. In
cowpea, a few acceptably resistant cultivars
have been identified. In Upland cotton, no
cultivars with high levels of resistance are
available. However, several high-yielding
breeding lines have been developed that
are tolerant to R. reniformis and are
adapted to the Lower Rio Grande Valley
(Cook et al., 1997). Four additional lines
developed under Louisiana conditions
have a low level of resistance and have
been released for commercial develop-
ment (Jones et al, 1988). Incorporating
resistance from related Gossypium species
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Table 4. Studies identifying crop germplasm with resistance to Rotylenchulus reniformis.

Blackgram, urdbean (Vigna mungo L.)
Routaray et al., 1986
Castor (Ricinus communis L.)
Darekar et al., 1990
Chickpea (Cicer arietinumL.)
Anver and Alam, 1990, 1995
Sahoo et al., 1986
Coffee (Coffea spp.)
Macedo, 1974
Peacock, 1956a
Schenck and Schenck, 1994
Cotton and related plants (Gossypium spp.)
Beasley, 1986
Birchfield and Brister, 1963
Blasingame, 1991
Cook et al., 1997
Cook et al., 1996
Jones et al., 1988
Khadr et al., 1972
Minton, 1964
Muhammad and Jones, 1990
Muralidaran and Sivakumar, 1977
Neal, 1954
Shepherd, 1983
Yik and Birchfield, 1984
Cowpea (Vigna unguiculata L.)
Gaur, 1986
Haque, 1992
Haque and Padmavathy, 1986
Khan and Husain 1988, 1989b
Makadia et al., 1987
Thakar and Patel, 1985
Horsegram (Dolichos uniflorus Lam.)
Nayak et al., 1987

Greengram, mungbean (Phaseolus aureus Roxb.

= Vigna radiata (L.) R. Wilczeck)
Patel ¢t al., 1989a

Papaya (Carica papaya L.)
Patel et al., 1989b
Pepper and related plants (Capsicum spp.)
Birchfield and Brister, 1962
Peacock, 1956a
Routaray et al., 1988
Pigeonpea [ Cajanus cajan (L.) Mill]
Chavda et al., 1988
Patel et al., 1987
Thakar and Yadav, 1985, 1986, 1987
Potato (Solanum tuberosum L.)
Montasser ¢t al., 1992
Rebois and Webb, 1979
Soybean (Glycine max (L.) Merr.)
Anand, 1992
Birchfield and Brister, 1969
Birchfield and Williams, 1974
Birchfield et al., 1971
Cornelius and Lawrence, 1993
Good, 1972
Hartwig and Epps, 1973, 1977
Hartwig et al., 1988
Harville et al., 1988
Lim and Castillo, 1979
Rebois et al., 1968, 1970
Robbins et al., 1994a, 1994b
Williams et al., 1981
Sweet potato [Ipomoea batatas (L.) Lam.]
Clark and Wright, 1983
Good, 1972
Martin ef al., 1966
Tobacco (Nicotiana tabacum L.)
Heald and Meredith, 1987
Patel, 1986

Tomato and related plants (Lycopersicon spp.)

Balasubramanian and Ramakrishnan, 1983

Germani, 1978b
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Table 4. (Continued) Studies identifying crop germplasm with resistance to Rotylenchulus reniformis.

Patel and Thakar, 1986
Routaray et al., 1986
Olive (Olea europaeal..)
Al-Sayed and Abdel-Hameed, 1991

Montasser, 1986
Rebois et al., 1973

Subramanian et al., 1993

(Yik and Birchfield, 1984) is confounded
by ploidy and chromosome incompatibili-
ties (Richmond, 1968). As discussed in the
previous section on immune plants, there
are additional crop species with very high
levels of resistance or with immunity,
including mustard (Brassica nigra), oats,
Rhodesgrass ( Chloris gayana), onion, sugar-
cane, sunn hemp (Crotalaria juncea) and
winter wheat ( Triticum aestivum) (Table 2).

In most cases studied, resistance to R.
reniformis appears to be inherited, at least
in part, independently from resistance to
other sedentary nematodes. In Upland cot-
ton, several commercial cultivars and vari-
ous breeding lines have moderate to high
levels of resistance to Meloidogyne incognita
(Kofoid and White) Chitwood race 3.
These have one or both of two relatively
strong sources of resistance in their
genetic backgrounds: cv. Clevewilt 6 and
USDA Cotton Germplasm Collection No.
SA 2516 (a wild G. hirsutum accession col-
lected in 1947 in Mexico). All M. incognita-
resistant cultivars of Upland cotton sup-
port prolific reproduction by R. reniformis.
Levels of reproduction by R. reniformis vary
sufficiently that some breeding lines are
considered to have partial resistance; how-
ever, inheritance of resistance is complex
and new sources of resistance are needed
(Muhammad and Jones, 1990). In soy-
bean, high levels of resistance to R. renifor-
mis have been found and early studies
indicated the same genes conferred resis-
tance to the soybean cyst nematode (Het-
erodera glycines Ichinohe) (Rebois et al.,

1968). This prediction, however, has not
held up in subsequent genetic studies
(Anand, 1992; Birchfield et al., 1971; Gil-
man et al., 1979; Hartwig and Epps, 1977;
Harville et al.,, 1988). Two pairs of genes
with unequal effects are now believed to
confer resistance to R. reniformis in soybean
(Harville, 1985; Williams et al., 1981). In
sweetpotato, inheritance of resistance to R.
reniformis is linked to genes that cause
tubers to crack in response to nematode
attack and other factors, making tubers
unmarketable (Clark and Wright, 1983;
Martin, 1960).

Crop rotation and mixed cropping: Man-
agement of R. reniformis by rotating suscep-
tible crops with nonhost crops has been
explored in various regions but apparently
has not yet been practiced on a wide scale.
The extensive host range of R. reniformis
severely restricts the options available and
further limitations are imposed when
other plant-parasitic nematodes or soil-
borne pathogens are present. Nonetheless,
a number of rotation sequences have been
shown to reduce R. reniformis populations
to nondamaging levels.

Khan et al. (1984) in India examined
seven 2-year sequences of various combina-
tions of fallow, mung bean (P, aureus), car-
rot (Daucus carota), marigold (Tagetes sp.),
okra (Abelmoschus esculentus), wheat, com-
mon bean (F. vulgaris), Egyptian clover (T.
alexandrinum), mustard, barley, and sesba-
nia (Sesbania sp.), and concluded that
mung bean, sesbania, marigold, wheat,
barley, and fallow were all effective against



156 NEMATROPICA Vol. 27, No. 2, 1997

R. reniformis without increasing popula-
tions of Meloidogyne sp. or Tylenchorhynchus
brassicae Siddiqi. Haque and Gaur (1985)
examined seven other rotations of vegeta-
bles in India and found that mung bean,
okra, radish (Raphanus sativus), chickpea,
pea, and maize all resulted in a rapid
increase in populations of R. reniformis in
the soil whereas mustard and sesamum
(Sesamum indicum) reduced populations.
Sivakumar et al. (1979) found R. reniformis
populations to decline faster in pots con-
taining C. annuwum than in pots containing
no plants. Populations of R. reniformis also
have been shown to decline rapidly in pots
containing bermudagrass (Singh, 1975).

Rotylenchulus reniformis has long been a
serious problem in the production of pine-
apple (Ananas comosus) in Hawaii. The
Hawaiian pineapple industry has now
returned to a long planting cycle that
includes a fallow period of 6-12 months,
providing an opportunity to utilize
immune or antagonistic rotational crops
(Rohrback and Apt, 1986). Management
of R. reniformis by rotating pineapple to
sugarcane or pangolagrass (Digitaria
decumbens) was done in Puerto Rico more
than 30 years ago (Roman, 1964). In 1991,
Caswell ef al. examined effects of planting
Rhodesgrass, pangolagrass, or sunn hemp
in a pineapple field in Hawaii during the
intercrop period. Rhoadesgrass reduced
populations at least as well as clean fallow 3
months after planting, and populations
under sunn hemp 6 months after planting
were lower than those in fallow plots.
Under greenhouse conditions, population
reductions in pots with French marigold
(Tagetes patula) or with either of two culti-
vars of Rhodesgrass were greater than in
pots without plants. Ko and Schmidt
(1993) found that T. patula also reduced
populations to lower levels than those in
fallow plots over a 6-month period in a
Hawaiian pineapple field.

In Japan, African marigold (7agetes
erecta) and French marigold were com-
pared in rotation with great burdock
(Arcticum lappa), an important vegetable in
Japan. Tagetes patula was found to have a
strong antagonistic effect against R. renifor-
mis, while T. erecta was a moderately good
host (Nakasono, 1973).

Since there are no appreciable levels of
resistance to R. reniformis in commercial
cultivars of Upland cotton, several studies
in the United States cotton belt have exam-
ined possible rotational crops. Gilman et
al. (1978) showed that a 1-year rotation of
susceptible cotton or susceptible soybean
to the resistant soybean cultivar Pickett 71
was extremely effective in reducing the R.
reniformis population and increasing the
yield of the following susceptible crop.
However, if the susceptible crop was cot-
ton, high population densities were re-
achieved by midseason. A similar, rapid
reattainment of high population levels in
Upland cotton has been observed also in
Israel (pers. comm., D. Orion, The Volcani
Center, Bet Dagan). In the United States,
maize also has been shown to be an effec-
tive rotational crop where it can be eco-
nomically justified (Lawrence et al., 1991;
Rush et al., 1996). Results of rotating maize
with crops other than cotton in India have
not been particularly encouraging; how-
ever, Egunjobi e al. (1986) found R. renifor-
mis to be only one-ninth as abundant
under maize as under cowpea in Nigeria.

A few studies have examined the possi-
bility of intercropping a susceptible crop
with antagonistic plants. Yassin and Ismail
(1993) planted Zinnia elegans in pots con-
taining tomato plants, and Siddiqui and
Alam (1987) planted Tagetes lucida L. in
pots containing tomato, eggplant (Solanum
melongena), cabbage (Brassica oleracea var.
capitata), or cauliflower. Both Z. elegans
and T. lucida reduced R. reniformis popula-
tions compared to controls. These plants
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may act as trap plants or may directly sup-
press populations. The nematode-suppres-
sant effects of marigold are well known.
Kahn (1985) found that root leachates
from five host plant species stimulated
hatching, whereas leachates from onion
and Capsicum spp. suppressed hatch of R.
reniformis eggs.

ROTYLENCHULUS SPECIES OF
UNDETERMINED ECONOMIC
IMPORTANCE

Rotylenchulus borealis

This species has been reported only in
Europe and Africa (Fig. 14). In Europe it
has been reported from Estonia, France,
Germany, Italy, Spain, and The Nether-
lands (Bello, 1972; Dasgupta et al., 1968;
Germershausen and Gunter, 1984; Ryss,
1992). Both females and males have been
found. In Africa, R. borealis was reported in
Benin, Cameroon, Central African Repub-
lic, Ghana, Ivory Coast, Kenya, Malawi,
Nigeria, and Zimbabwe (Dasgupta et al.,
1968; Germani, 1978a; Hillocks et al.,
1995). It was erroneously reported from
Puerto Rico (Germani, 1978a). The known
hosts of this species are all herbaceous
plants (Table 5).

Italian populations of R. borealis failed
to infect Upland cotton cv. Deltapine 16,

Table 5. Known hosts of Rotylenchulus borealis.

peanut (Arachis hypogaea) cv. Florunner,
pepper cv. Yolowonder, tomato cv. Roma,
and durum wheat (Triticum durum Desf.)
cv. Creso (Vovlas and Inserra, 1982). How-
ever, R. borealis has been found in cotton
and peanut fields in Benin, Cameroon,
and Ghana (Germani, 1978a). It also has
been found in citrus orchards in Spain
(Bello, 1972), in vineyards in Italy (Das-
gupta et al., 1968), and in uncultivated
land in South Africa (Kleynhans et al.,
1996). No host determination, however,
was attempted at these sites. The life cycle
of R. borealis is similar to that of the other
reniform nematode species and requires
35-40 days (from egg to egg) at 20-25°C
(Vovlas and Inserra, 1982).

Rotylenchulus macrodoratus

This species (Fig. 15) occurs only in the
Mediterranean region where it has been
reported in France, Greece, Israel, Italy,
and Malta (Cohn and Mordechai, 1977;
Inserra and Vovlas, 1980; Lamberti and
Dandria, 1979; Scotto La Massese, 1973).
Both females and males have been found.
Rotylenchulus macrodoratus is known to para-
sitize various fruit and ornamental trees
and a few herbaceous plants (Table 6).

The life cycle of R. macrodoratus (Fig.
16) is similar to that of other reniform

Common name

Scientific name

Bean cv. Harvester
Corn cv. Dekalb XI-14
Green pea cv. Progress
Potato cv. Alfa
Sorghum cv. N 12

Sweet potato (cv. undetermined)

Phaseolus vulgaris L.

Zea mays L.

Pisum sativum L.

Solanum tuberosum L.

Sorghum bicolor (= vulgare) (L.) Moench

Ipomoea batatas L.
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Fig. 14. Life stages of Rotylenchulus borealis. A) Mature female. B) Immature female. C) Anterior portion of the
body of juvenile. D) Tail of juvenile. E) Tail of male. (After Loof and Oostenbrink, 1962; Dasgupta et al.,1968,
modified). )
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Fig. Fig. 15. Life stages of Rotylenchulus macrodoratus. A) Anterior portion of the body of immature female. B) Immature
fem: female. C) Tail of male. D) Tail of juvenile. E-G) Tail of immature female. H) Anterior portion of the body of
juver juvenile. I) Anterior portion of the body of male. J,K) Tail of mature female. L) Mature female. (After Dasgupta

et al. et al., 1968, modified).
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Table 6. Known hosts of Rotylenchulus macrodoratus.

Vol. 27, No. 2, 1997

Common name

Scientific name

Tree hosts
Almond
Apricot
Carob
Fig
Grape
Laurel
Loquat
Oleander
Olive
Oak
Pistacio
Plum

Herbaceous hosts
Carnation
Ivy
Large-flowered sweet William
Pellitory
Phlomis
Soybean

Prunus amygdalus L.
Prunus armeniaca L.

Ceratonia siliqua L.

Ficus carica L.

Vitis vinifera L.

Laurus nobilis L.

Eriobotrya japonica Lindl.

Nerium oleander L.
Olea europaea L.
Quercus calliprinos Webb and Q. farnetto Ten.

Pistacia vera L.

Prunus domestica L.

Dianthus caryophyllus L.
Hedera ilex L.

Dianthus barbatus L.
Parietaria officinalis L.

Phlomis fruticosa L.

Glycine max (= hispida) (L.) Merr.

nematode species and requires 45-55 days
(from egg to egg) at 18-32°C (Inserra and
Vovlas, 1980). As noted previously, the host
response induced by R. macrodoratus is dif-
ferent from those of other reniform nema-
todes and involves the formation of a giant
uninucleate cell in the root stele (Cohn,
1976; Cohn and Mordechai, 1977; Inserra
and Vovlas, 1980; Vovlas and Inserra,
1976). Other reniform nematode species
induce the formation of a stelar syncytium
in most hosts studied.

Rotylenchulus macrosoma

This species (Fig. 17) has been found
in Israel and Syria where it attacks mainly

herbaceous hosts and olive (Olea europaea)
trees (Table 7) (Cohn and Mordechai,
1988; Sikora and Greco, 1990). Both
females and males have been found.

Egyptian, or Sea-island cotton (Gossyp-
tum  barbadense) cv. Acola, pepper (C.
annuum) cv. Maor, sorghum (Sorghum
bicolor) cv. D2052, winter wheat (7. aest:-
vum) cv. Lakhish, and sour orange (Citrus
aurantium L.) were non-hosts of R mac-
rosoma (Cohn and Mordechai, 1988). The
life cycle of R. macrosoma does not differ
from that of other Rotylenchulus species
and includes the induction of a syncytium
in host roots (Cohn and Mordechai,
1988).
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Fig. 16. Life cycle of Rotylenchulus macrodoratus. Eggs (A) hatch in the egg mass. Second-stage juveniles (B) emerge
from eggs and initiate nematode development in the soil by molting into third-stage juveniles (B), which are fol-
lowed by fourth-stage juveniles (B), immature females and non-parasitic males (C). Immature females penetrate
with the anterior portion of the body into the host root (D), become sedentary, and mate. In the meantime they
establish a trophic site in the stele consisting of an uninucleate giant cell, which enlarges during gonad maturation
(E,F). They also produce a gelatinous matrix that flows from the vulva and covers the body. Mature females pro-
duce eggs, which remain embedded in the gelatinous matrix (G). Gelatinous matrix is not shown in D, E, and F.

Rotylenchulus parvus

This species (Figs. 18, 19) has a wide
geographical distribution. It has been
reported in North America (Arizona, Cali-

fornia, and Florida) and the Caribbean
Basin (St. Croix, St. Thomas, and Domini-
can Republic) (Dasgupta and Raski, 1968;
Garcia-M., 1982; Heyns, 1976; Konicek,
1963; Lehman and Inserra, 1990; Roman
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s

b SRR

Fig. 17. Life stages of Rotylenchulus macrosoma. A) Anterior portion of the body of immature female. B) Anterior
portion of the body of juvenile. C) Anterior portion of the body of male. D) Immature female. E) Tail of immature
female. F) Tail of juvenile. G) Tail of male. H) Mature female. (After Dasgupta et al., 1968, modified).
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Fig. 18. Life stages of Rotylenchulus parvus. A) Anterior portion of the body of male. (Males are very rare in this
species.) B) Anterior portion of the body of juvenile. C) Anterior portion of the body of immature female. D) Tail
of male. E) Tail of juvenile. F) Immature female. G) Mature female. H,I) Tail of immature female. J) Tail of ma-
ture female. (After Dasgupta et al., 1968, modified).
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Table 7. Known hosts of Rotylenchulus macrosoma.

Vol. 27, No. 2, 1997

Common name

Scientific name

Chickpea

Corn cv. N-170

Olive

Potato

Snap bean cv. Contender
Soybean cv. Lee

Tomato cv. Hosen

Cicer arietinum L.

Zea mays L.

Olea europaea L.

Solanum tuberosum L.

Phaseolus vulgaris L.

Glycine max (= hispida) (L.) Merr.

Lycopersicon esculentum Mill.

and Grullon, 1975; Stokes, 1982), but not
in South America. In Africa, R parvus
occurs in Ivory Coast, Kenya, Malawi, Mau-
ritius, Monzambique, South Africa, Zaire,
Zambia, and Zimbabwe (Dasgupta et al.,
1968; Germani, 1978a; Van den Oever and
Mangane, 1992). In Asia, it has been found
only in Haryana state in India (Bajaj and
Bhatti, 1987). In Australia, it occurs in
Queensland (Colbran, 1964). Known hosts
of R. parvus are mainly herbaceous plants
and a few fruit trees (Chinappen et al,
1988; Dasgupta and Raski, 1968; Heyns,
1976; Van den Oever and Mangane, 1992)
(Table 8). Maize is a good host for R. par-
vus. In contrast to results obtained with R.
reniformis, maize was found in South Africa
to be a far better host for R. parvus than
cowpea, with populations increasing
3000% during a 3-year maize monoculture
(Furstenberg and Heyns, 1978). Sugarcane
is another good host of R. parvus in South
Africa (Van den Berg and Spaull, 1981).
Rotylenchulus parvus is a parthenoge-
netic species (males are extremely rare),
but otherwise has a life cycle similar to that
of other reniform nematodes. The dura-
tion of the life cycle from egg to egg is 26-
36 days at 24-28°C (Dasgupta and Raski,
1968). Rotylenchulus parvus is listed by the
Animal and Plant Health Inspection Ser-
vice of the United States Department of

Fig. 19. Selected life stages of Rotylenchulus parvus. A)
Immature females of R. parvus (two on the left) are
compared with that of R. reniformis (one on the right),
which has a longer body. B) Mature female of R. parvus.
Scale bars = 34 um in A and 36 um in B. (After Lehman
and Inserra, 1990).
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Fig. 19. Selected life stages of Rotylenchulus parvus. A)
Immature females of R. parvus (two on the left) are
compared with that of R. reniformis (one on the right),
which has a longer body. B) Mature female of R. parvus.
Scale bars = 34 um in A and 36 um in B. (After Lehman
and Inserra, 1990).
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Fig. 20. Known life stages of Rotylenchulus anamictus. A) Immature female. B) Anterior portion of the body of im-
mature female. C) Anterior portion of the body of juvenile. D) Anterior portion of the body of male. E) Tail of
juvenile. F,G) Tail of immature female. H) Tail of male. (After Dasgupta et al., 1968, modified).

Agriculture as a noxious organism subject
to quarantine restriction by Brazil.

ROTYLENCHULUS SPECIES OF MINOR
ECONOMIC IMPORTANCE

Rotylenchulus anamictus

This species (Fig. 20) was described
from male and immature female speci-
mens collected from the rhizosphere of
Acacia in Merca, Somalia (Dasgupta et al.,
1968). It is similar to R. parvus from which

R. anamictus can be separated by the pres-
ence of males and a more posterior vulva
position in vermiform females (V = 62-72%
vs. 60-66% for R. parvus). Swollen females,
biology, and hosts of R. anamictus are not
known.

Rotylenchulus brevitubulus

This species was described from male
and immature female specimens collected
from an unidentified shrub in the savanna
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Table 8. Known hosts of Rotylenchulus parvus.

NEMATROPICA Vol. 27, No. 2, 1997

Common name

Scientific name

Barley
Bermuda grass
Corn

Upland cotton
Cowpea
Macadamia
Pearl millet
Papaya

Potato
Sugarcane
Sunn hemp
Tobacco
Thyme

Tomato

Hordeuwm vulgare L.

Cynodon dactylon (L.) Pers.
Zea mays L.

Gos&ypium hirsutum L.

Vigna unguiculata (L.) Walp

Macadamia sp.

Pennisetum americanum (= glaucum) (L.) K. Schum.

Carica papaya L.

Solanum tuberosum L.

Saccharum officinarum L.

Crotalaria juncea L.

Nicotiana tabacum L.

Thymus sp.

Lycopersicon esculentum Mill.

of Grunau, in west South Africa/Namibia
(Van den Berg and Spaull, 1981) (Fig. 21).
It has juveniles with a bifurcate tail tip
unlike the undivided tail tip of the juve-
niles of other reniform nematodes. The
distance between dorsal esophageal gland
orifice and the stylet base of immature
females is < 10 pm (6.0-7.5 um), whereas it
is > 10 wm for immature females of other
Rotylenchulus species. Swollen females, biol-
ogy, and hosts of R. brevitubulus are
unknown.

Rotylenchulus clavicaudatus

This species was described without
swollen females from specimens collected
from the rhizosphere of Strelitzia sp. in Port
St. Johns, Transkei, South Africa (Das-
gupta et al, 1968) (Fig. 22). Additional
specimens and one swollen female were
collected several years later from a sugar-
cane field at Mount Edgecombe, South

Africa (Van den Berg and Spaull, 1981).
This species has juvenile and female stages
with a distinct clavate tail tip. Males have
both clavate and tapered tail tip. Biology
and hosts of R. clavicaudatus are unknown.

Rotylenchulus leptus

This species (Fig. 23) was described
from immature female specimens col-
lected from the rhizosphere of Bambusa sp.
at Gwela in southern Zimbabwe (Dasgupta
et al, 1968). Additional specimens were
found in cultivated and uncultivated land
in South Africa (Kleynhans et al., 1996). It
is apparently parthenogenetic and is very
similar to R. parvus. It can be separated
from R. parvus by its longer hyaline por-
tion (h) of the immature female tail (h = 3-
7 wm vs. < 3 um for R parvus). Swollen
females, biology, and hosts of R. leptus are
not known.



NEMATROPICA Vol. 27, No. 2, 1997 167

Fig. 21. Known life stages of Rotylenchulus brevitubulus. A) Anterior portion of the body of immature female. B)
Anterior portion of the body of male. G) Anterior portion of the body of juvenile. D,E) Tail of immature female.
F,G) Bifurcate tail of juvenile. H,I) Tail of male. (After Van Den Berg, 1990, modified).
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Fig. 22. Life stages of Rotylenchulus clavicaudatus. A) Mature female. B) Immature female. C) Anterior portion of
the body of immature female. D) Anterior portion of the body of male. E) Tail of male. F) Tail of immature fe-
male. (After Dasgupta ef al., 1968, and Van Den Berg and Spaull, 1981, modified).



NEMATROPICA Vol. 27, No. 2, 1997 169

G

Fig. 23. Known life stages of Rotylenchulus leptus. A) Anterior portion of the body of immature female. B) Immature
female. C) Anterior portion of the body of juvenile. D) Tail of juvenile. E-G) Tail of immature female. (After Das-

gupta et al., 1968, modified).

Rotylenchulus sacchari

This species was described from male
and immature female specimens collected
from a sugarcane field in Heatonville,
Natal, South Africa (Van den Berg and
Spaull, 1981) (Fig. 24). The immature
females have a longer stylet than those of
~ other reniform nematodes (29.0-32.5 um
vs. < 27 um for other reniform nematodes)
and a bluntly rounded tail terminus. Swol-
len females, biology, and hosts are not
known. ’
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C) Anterior portion of immature female. D,E) Tail of juvenile. F) Tail of immature female. G) Tail of male. (After

Fig. 24. Known life stages of Rotylenchulus sacchari. A) Immature female. B) Anterior portion of the body of male.
Van den Berg and Spaull, 1981, modified).
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